
, 

382 SCIENTIfIC AMERICAN SUPPLEMENT No 2292 'December 27, 1919 

Scented Soap from Paraguay Oranges* 
The Bitter Fruit whose Leaves Form the Basis of Most of the Perfumes Employed 

By Edward Albes 

OF the multitude of fastidious ladies of fashion in 
the United States-or elsewhere for that matter
\vhose olfactory nerves are agreeably titillated by the 
delicate perfume of the scented toilet soap they use, 
how many know that the chances are that they owe 
this particular gratification to an essence commercially 
known as the oil of petit grain? And furthermore, how 
many of them would be likely to know that this essence 
was probably born in the far-away Republic of Paraguay? 
Perhaps not one in ten thousand. The fact is, however, 
that the basis of the�e delicious odors is oftener than not 
the product of that country, for Paraguay is said to fur
nish about 70 per cent. of the world's supply of this 
valuable adjunct to the perfumer's art. Incidentally, the 
commercial name itself would perhaps mean little to the 
average society belle. In fact, she might not take kindly 
to the idea that an oil of any kind had anything to do 
with her favorite perfume or the sweet-scented Florida 
water she delights in; but 
if told that this oil is really 
the essence of the leaves of 
an orange tree the informa
tion would doubtless be 
more agreeable. 

rlissemination is well known; but at the same time there 
is u. Paraguayan orange specially belonging to itself. It 
has a flavor that is slightly acid, which makes it very 
acceptable in hot weather; without cloying the palate 
like the sweet orange, or setting the teeth on edge like 
n. lemon, it seems to cleanse the mouth in a way that 
is very refreshing. So far from growing everywhere, 
it is found chiefly in the depths of the forests and on 
the banks of insignificant streams. I have met with it 
in the most remote places, in the unexplored valleys of 
the Y gatimi, and on the margin of the Upper Parana, 
where it could certainly never have been introduced by 
human agency. So abundantly does it grow on the 
Parana above the Saito de Guayra that during a flood 
I have seen numbers of the trees drifting down the 
stream .... 

"But, after all, whether 
c!igenous to Paraguay or 
they well might he, for 

oranges of any kind are in
not, it is very certain that 
the whole world could not 

prorluct in sufficiently large quantities to be profitable. 
In addition to the oleum it seems that he was desirous 
of producing distilled orange-flower water, and in this. 
too, he found the same handicap. 

In order to obtain an essence with the full maximum 
of perfume, it is necessary that the blossoms be gathered 
just as the petals are opening and disclosing the heart of 
the corolla. In the planted orange groves of southern 
Europe this is practicable; there in the spring the buds 
of the trees usually open at about the same time. As 
soon as the petals are unfolded ther can all be shaken 
at once into cloths that have been spread underneath to 
catch them, and can thus be collected without being 
touched by the hand, which deprives them of a portion 
of their fragrance. But in Paraguay such a method was 
found impracticable. The bitter oranges grow so closely 
together in the forests that the blooming comes on very 
irregularly, and unopened buds, full blossoms, withered 
flowers, and forming fruit are often found on the same 

tree. The blossoms had to 
be collected by hand, thus 
increasing the labor cost 
and materially deteriorating 
the delicate petals. The 
only way to overcome this 
handicap is to plant and 
cultivate the bitter-orange 
trees, so spaced that the 
vegetation of each tree is 
left unchecked. 

While distilled perfumes 
of various kinds are almost 
as old as human vanity, 
there are some that are of 
more modern invention and 
among these is the product 
which forms the subject of 
this little sketch. Its name, 
"essence de petit grain," 
was given it by the French 
because once upon a time 
an oil was distilled from 
the rind of the small fruit 
Df the bitter orange tree. 
This was really an essence 
of "small fruit," and the 
name stuck even after the 
substance was derived from 
a somewhat different source. 
It was made chiefly in the 
extreme southern sections 
of Europe, especially in 
southern Spain where the 
bitter orange (botanically 
known as citrus aurantium, 
var. amara), introduced in 

Gathering and weighing the leaves of the bitter-orange tree, and hauling a load of them to the factory 

Finding this obstacle too 
great to be overcome by 
the means at his command, 
M. Balanza proceeded to 
make experiments with the 
lea ves of the bitter-orange 
trees. He found that the 
essence produced was an 
"xcellent substitute for the 
oleum neroli, having prac
tically identical properties, 
and with a superabundance 
of leaves easily and cheaply 
gathered and his simple dis
tilling apparatus he started 
th� industry which has now 
grown to considerable pro
portions. Even to this day 
very little improvement 
over the Balanza equipment 

Andalusia by the Moorish conquerors, thrived and 
was extensively cultivated. There, too, from the 
buds and flowers of both the bitter and sweet orange 
was distilled a volatile oil known as oleum neroli, 
much used as a base for various perfumes by the 
manufacturers for many years. The cost of production 
of this essence of the delicate flowers of the orange tree 
was considerable, however, and just how a small country 
in the interior of South America came to dominate this 
industry is a more or less interesting story to be briefly 
outlined in the following paragraphs. 

In the first place, Paraguay is preeminently the land 
of the orange tree. In fact it may be called a wild garden 
of citrus trees of many varieties. About a quarter of a 
century ago Dr. E. de Bourgade la Dardye, a French 
gentleman of culture and scientific attainments, after liv
ing in that country fer over two years wrote an excel
lent little book which dealt with the people, the land, 
and its natural wealth, its commercial possibilities, etc. 
The last chapter of the volume deals with the country's 
wealth of orange and other citrus trees, and the following 
excerpts will give the reader some idea of the natural 
conditions which led to Paraguay's dominance of the oil 
of petit grain market: 

"Everywhere. on the banks of the rios, in the gorges 
oi the far-off sierras, near the ranchos, round the estan
cias, in the solitude of the forests, the trees are seen 
with their golden fruit and deep-green foliage, in lines, 
in terraces, in groves-everywhere, on mountains and 
on plains, they grow and break the blue horizon with 
their rounded outline-and it seems as if they must 
have flourished there from all antiquity. 

"I am quite ready' to admit that the sweet orange, 
the bitter orange, the lemon, and their numerous varie
ties were imported either by the Spaniards or by the 
Jesuits; of this there can be little question; the original 
habitat of them all was in Asia, and the history of their 

show a soil that is more favorable for their growth. 
Without attempting to enumerate all the varieties of 
oranges and lemons that are found, I may mention the 
following as being the most common: The sweet orange 
(citrus aurantium), the bitter orange or bigarrade (c. 
bigaradia), the mandarin orange, the apepu; the citron 
(c. medica), the toronjo (c. limonium citratus), the 
common lemon (c. limoniuml, the lime or sweet lemon 
(c. limetta), and the lime of Persia. 

"It would be quite impossible to form a true estimate 
as to what extent of area in Paraguay is taken up by 
this orange growth. Sometimes singly, sometime� in 
clumps, sometimes in vast forests-as in part of the 
Missions-the trees thrive in almost every district, here 
under cultivation, there entirely wild," 

Now, it was into the midst of this profusion of bud
ding, blooming, and fruiting orange trees of many kinds 
that in 1873 a man by the name of Balanza was plunged, 
He, tOCl, was a Frenchman, a botanist, who had gone 
there for the purpose of studying the flora of the 
country, and when he saw the millions of sweet-scented 
blooms that were being allowed to wither and die 
without the slightest effort being made to put them to 
profitable use, the thought came to him that here was 
an opportunity to develop a new industry in this remote 
and little-known section of the world, The world stood 
ready to exchange its gold for the delicious fragrance 
that here was being wasted "on the desert air." He 
forthwith discarded his herhalist's case, procured an ordi
nary serpentine still, and transformed himself from an 
ardent devotee of science into a prosaic manufacturer 
of perfume. 

With his primiti"ie but very practical distilling ap
paratus M. Balanza successfully produced from the 
orange flowers an essence, the oleum neroli, of very su
perior quality, He soon found, however, that there were 
�erious difficulties in the way of manufacturing the 
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has been made and the fac-
tories which supply the greater part of the world's 
demand for oil of petit grain are about as simple as was 
his, The chief requirements are a little stream of clear 
water, a primitive palm-thatched shelter for a simple 
furnace fed by wood picked up or cut in the immediate 
vicinity, a large vat covered by a cap from which leads a 
pipe or tube coiled in a cooling chamber where the con
densed vapor is caught. The vat is filled with the leaves 
and the steam is forced through holes bored in the bot
tom of the vat, the pressure being no greater than one 
ltmosphere. The vapor, saturated with the volatile oil 
of the leaves, is condensed in the receiving receptacle, 
the oil skimmed off, and there is the product. In this 
form it is considered ready for the market by most of 
the producers, but it has a distinctly oily odor. Large 
producers now have a secret process of distillation that 
further refines the essence and leaves it with a perfume 
like that of the familiar Florida water, of which it is the 
base. 

From 500 to 600 pounds of the bitter-orange leaves will 
produce about one quart of the ordinary oil of petit 
grain. The cost of the leaves is not great and the profit 
large. An average size still will produce about 4 qualts 
a day. There are between 30 and 40 factories operatillg 
in Paraguay, the majority being located at Yaguaron, 
owing to the great number of bitter-orange trees growing 
in that vicinity, Other place� having factories are Ita, 
San Jose de la Cordillera, Itacuruby, and Nemby, The 
price of the product delivered at Asuncion ranges from 
$5 to $7 per kilogram, or from $2.73 to $3.20 per pound, 
in normal times, 

Practically ail of the output of the oil of petit grain 
from the Paraguayan factories is exported, and the in
dustry is gradually increasing in extent. In 1913, the last 
normal year prior to the European war, the total exports 
amounted to 71,322 pounds, of which France took 23400 
pounds; Argentina, 25,743 pounds; Italy, 8,378 pounds; 
Austria-Hungary, 7,430 pounds; and Germany, 5,137 
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pounds. The United States took 16,821 pounds, most of 
which was reexported from Argentina. In 1914 the de
clared exports of the product from Paraguay to the 
United States, according to the records of the American 
consulate at Asuncion, reached a value of $20,835; in 
1915 the amount exported to the United States was 
23,040 pounds, valued at $35 416; in 1916, 33,680 pounds, 
valued at $60,496; in 1917, according to Paraguayan 
statistics, the total amount exported was 61,498 kilo
grams, valued at 215,243 pesos gold, which being trans
lated into United States units means about 135,300 

puunds, valued at $208,765, and of this amount the ex
ports to the United States, according to the consular 
report, reached the value of $113,742, thus showing that 
since the war the United States has become Paraguay's 
best customer for this sweet-scented product. 

Incidentally, it may be added that while the oil of 
petit grain is distilled from the leaves of the bitter
orange tree, the fruit is a valuable product as well. Be
sides the oxalic and citric acids extracted from the pulp, 
the peel furnishes several medicinal sirups, is made into 
marmalade, and forms the main ingredient in the well
known liqueur called curaQao. When the trees have 
ceased to be prolific the wood is utilized by cabinet
makers, who pay good prices for it. 

water but change their minds and draw back, repeating 
this a number of times. Finally, after many attempts 
in the course of which they have become very wet they 
plunge beneath the surface. This behavior indicates that 
the increasing wetness of the body serves as an adequate 
stimulus to incite them to dive. This opinion is strength
ened by the observation that almost every example of the 
different kinds of insects whch I investigated spontane
ously crawled· down a stick extending into the water 
until it was beneath the surface provided it and the stick 
had previously been dipped under water one or more 
times. 

The observation of the manner in which insects save 
themselves from flooded territory brings out clearly the 
interdependence between behavior and the organic means 
at their disposal. The jumping or flying insects make 
use of these capacities. The insects which swim well (a 
fact which is  often indicated by the flatness and lightness 
of their bodies) and likewise the insects which walk on 
water, throw themselves spontaneously upon the surface 
vf the water and make rowing or running motions. 
Finally, the clumsy, heavy insects, with bodies more or 
less spherical in shape (Chrysomelidae, lady-bird, Ce
tonia, etc.) make used of their superior weight (which 
enables them to overcome the surface tension of the 

when it wishes to turn to the right and vice versa, the 
companion leg remaining motionless. This behavior 
shows that the hind legs assume the steering function. 

In order to determine the relative importance of the 
different pairs of legs in the act of swimming, they were 
amputated respectively in different individuals. It was 
found that the amputation of the foreleg causes no dis
turbance in equilibrium but causes slow and unskilful 
swimming. The amputation of the middle pair of legs 
also fails to disturb the equilibrium; in this case the swim
ming is slow but not unskilful. The amputation of the 
hind legs influences neither the equilibrium nor the skill 
shown, merely retarding the swimming somewhat. When 
turns are made the middle legs exercise the steering 
function. 

These amputation tests indicate finally that the ampu
tation of the forelegs exerts the strongest influence on 
the act of swimming, while that of the hind legs causes 
the least disturbance. The amputation of all three pairs 
of legs in the same individual does not prevent the swim
ming of the body upon its back upon the surface of the 
water. 

The other kinds or ants (Formica fusca, other F.-Sp., 

M yrmica-Sp.) make the same swimming motions but 
without as much success as the Campo nat us. 

The Behavior of Land In
sects with Regard to Water* 

�------------ ------------� ------- -------------------------, 
�/� 

The ground beetles execute rowing 
motions with the legs in the same 
serial order as when moving upon the 
ground; they steer with the hind leg just 
as the ant described above does. In the 
H arpalus-::3p. it may be often observed 
that the leg which lies on the same side 
as the desired turn is drawn out of the 
water and held in the air until the turn 

By J. S. Szymanski 
MANY localities inhabited by insects are 

frequently flooded since after every heavy 
downpour numerous pools containing 
small islands are to be found in the fields 
and meadows. It seemed a matter of 
interest to investigate how the insects 
found on· such islands manage to rescue 
themselves from the water and take refuge 
on "land." Almost fifty kinds of insects 
were examined with respect to this ques
tion. The method of study was extremely 
simple, consisting of placing the insect to 
be examined on a small wooden bridge 
provided with two ladders. The bridge 
was so placed in a dish filled with lukewarm water that 
it extended above the surface of the water while both 
ladders reached to the bottom of the vessel. The depth 
of the water in the vessel varied from 4 to 15 cm. accord
ing to the size of the insect being tested. 

The insects placed upon the bridge behaved in one of 
four different manners, as follows: 

I. Flying or jumping insects left the bridge either by 
flight or by springing across the surface of the water (the 
meat fly Sarcophaga, and the small cricket, Triecphora). 

These insects do not go beneath the surface of the water 
of their own accord. The light and quickly moving in
sects (Cantharis), apparently Fusca, the Malachius rubi

dus, and the Anoncodina austriaca, which are not able to 
take flight except from an elevated point, run rapidly 
back and forth upon the bridge till they fall by chance 
into the water, where they kick their legs convulsively 
but finally remain motionless on the surface of the water. 
Apparently these kinds of insects can only escape from 
flooded territory by flying away. 

II. Land insects which are good swimmers, throw 
themselves into the water of their own accord and swim 
to land (the "horse ant." camponotus-Sp., the ground 
beetle, Caradus-Sp., two different Harpalus-Sp., and 
the Pterostychus-Sp. ). 

III. One sort of spider (Lycosa chelata Mueller) ran 
rapidly up and down the bridge but very soon pas�ed 
on to the surface of the water, on which it is able to run 
rapidly and skillfully like the water flea. When prevented 
from reaching the land it drew up its legs and remained 
lying motionless upon the surface of the water. When 
it was placed again upon the bridge while in this condi
tion, it would not enter the water again spontaneously. 
Other kinds of spiders (Philodromus Aureolus Oliv.) are 
able neither to stand nor to run upon the water; still 
other kinds (apparently the Dysdera-Sp.)  are able to 
stand upon the water but scarcely to run upon it so far 
as I was able to tell. 

IV. Heavy and slow moving insects and those which 
are only heavy or which are not able to fly go to the 
water of their own accord, usually crawling down the lad
der till they reach the bottom of the vessel where they 
attempt to make their way to land (Ladybirds Lina 

popili, Orina-Sp., Priolus-Sp., Geotrupes-Sp., Cetonia 
aurata, Griinriiszler; Phyllobius-Sp., the Abax-Sp., the 

Galleruca Tanaceti, etc.); also in many cases the "horse 
ants." 

These insects first carefully investigate the entire 
bridge; thereupon they make an a.ttempt to enter the 

* Translated for the ScIENTIFIC AMERICAN SUPPLEMENT from the 
the Biologisches Zentralblatt (Leipzig). 

A typical Paraguayan "oil of petit grain" factory, and 

a branch of the bitter-orange tree from which 

this essence is distilled 

water) and of their ability to dtaw themselves up com
pactly, together with the well-known power possessed by 
many insects of living under water for a considerable 
length of time, in order to dive and crawl along the bot
tom till they reach land. These facts indicate that the 
manner of the behavior is conditioned by the means of 
operation which the organism possesses. 

THE SWIMMING REFLEX OF INSECTS 

The swimming mechanism of the "horse ants" is quite 
a complicated process which consists of a series of sepa
rate reflexes. The swimming ants, which are able to float 
upon the surface of water because of their low specific 
weight, keep the head and antennae above water; the 
fore-legs are directed forward and execute very rapid 
movements in a sagittal plane. The middle pair of legs 
are straddled outwards and move in an approximately 
horizontal plane in a much slower tempo than the first 
pair of legs. The hind legs, which are hiM stretched out 
behind, remain motionless when the ant is swimming in a 

straight line.' When the creature wishes to make a turn 
it moves the leg which is opposite to the direction of the 
turn in a horizontal plane, i.e., it rows with the left leg 
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has been made. 
Besides these insects I have seen only 

the tree bugs, Syromastes and Pentatoma, 
executing synchronous rolling movements 
with both hind legs; however, they make 
very little headway from the spot.l All 
the other kinds of insects investigated by 
me which do not enter the water of then' 
own accord, when placed in it by me 
merely made convulsive kicking motions 
with the legs. 

Disadvantages of the Use of Protective Fittings of 
High Candle-power Incandescent Electric Lamps. 

IT is usual in many cases to enclo�e metal filament 
lamps of high candle-power, used for street-lighting, etc., 
in closed fittings so as to .protect them from rough 
weather. Experience has shown this method to be dis
advantageous. Inter alia, the candle-power of the lamps 
decreases very quickly and the lamp soon becomes 
defective. 

A Swedish engineer, investigating the matter, has found 
that it is the rise in temperature which causes the rapid 
diminution in lumious intensity. He ran several incan
descent lamps at temperatures of 200° and 20° C., while 
others cooled by a water-cira.u.lation device, were only at a 

temperature of ZO or 3° C. 
After some hours' running, in the case of the lamps at a 

temperature of 200° c., the luminous intensity had drop
ped considerably, and they were unusable after 40 hours' 
running, whereas with the lamps run at 20° and 3° c., the 
diminution of intensity was inappreciable after this period. 
This is explained by the fact that at high temperature the 
glass of the bulb becomes porous and air enters the bulb. 
This also explains why, where a large number of lamps are 
arranged close together in advertisement signs, etc., they 
rapidly deteriorate. (Abstracted by The Technical Review 
from L'Industrie Electrique, Oct. 10, 1919.) 

A New Compensated Heatmeter 
(Concluded from page 379) 

so that the position of the pointer may be regulated 
with absolute exactness. In this connection, it is in 
order to call attention to the fact that, while it is, of 
course, desirable to know what the range of the rheostat 
is, it is not at all necessary to know or attempt to deter
mine what the line resistance may be. The rheostat 
is normally set at zero, and in testing for line resistance, 
is given a clockwise motion. In an experimental model 
the following propdttrons were adopted with excellent 
results (see Fig. 6): 

Total resistance for 40 millivolts, 290 ohms. 
Current without plu� .000138 ampere. 
Current with plug, .OOl06 ampere. 
Resistance of shunt, �625 ohms. 
Movable system, 53.3 ohms, copper wire coil. 
Rheostat, 15 ohms. 
The temperature c::efficient of the instrument was 

+ .000365° Fahr. It is, of course, possible to construct 
these heat meters with much higher resistances to meet 
special requirements, but excessively high values in ohms 
per millivolt are not factors of first importance in this 
type of Ilyrometer. 

As already stated the shunt R4 need not have a re
sistance equal to that of R3. 

1 Still another kind of swimming has been kindly brought to 
my attention by Herr A. Handlirsch of the K. K. Naturhist. Hof
museum. This 8.uthority tells me that some of' the small lchneu
mcnidae use the wings for steering when swimming. 
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